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Abstract 
In this study, Cropland Food production data of China in recent 25 years were collected and spatialized with ArcGIS 
tools. Then all food productions were converted to food nutrition index, showing how much food nutrition China can 
supply. The spatial structure of food provision in China was shown in the result maps. Food provision related mean 
centers and population mean centers were calculated with ArcGIS tools. The dynamic evolvement of each kind of 
food provision mean centers was analyzed contrastively; aiming to find out the situation and change trends of food 
provision and the relationship between food and population. Results show that, in 2000, the cropland in China 
produced 1.469×1015kcal of food calorie, 4.315×107t of food protein and 1.314×107t of food fat, which can supply 
for 1754, 1751 and 444 million persons under primary well-to-do life. Food calorie and food protein were far more 
than self-sufficient but food fat faced with great deficiency. Food-provision-related mean centers all distributed in the 
North China Plain, while population mean center was located in Central China, south to the centers of food provision. 
From 1980 to 2005, food mean centers showed a generally northwards moving trend: mean centers of cropland, grain 
production, food calorie, food protein and food fat moved 199km north-westwards, 270km northwards, 230km 
northwards, 360km northwards, and 290km northwards, respectively. From 1990 to 2005, mean centers of crops, 
meat and population showed the following moving trends: rice 118km north-eastwards, wheat 59.6km south-
eastwards, maize 311km south-westwards, soybean 267.1km north-eastwards, oilseeds 33.7km south-eastwards, meat 
433.2km north-eastwards and population 12.1km south-eastwards. 
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1. Introduction 
Food security in China means the foundation of the livelihood and welfare for over one-fifth of the 
world's population. Studies on China’s food problem can date back to the Brown [1], who insisted that 
China is facing a hard food situation and China’s food insecurity will threat the whole world. Brown’s 
assert has been proved lacking scientific foundation [2-4]. The fact is that, after several years’ fighting 
with poverty and hunger, China has been able to feed 22% people with 7% croplands of the world since 
1980s. Plenty of international and domestic studies have also certified that China can maintain self-
sufficient now and in the near future, with no threat to other countries [5, 6]. However, China still faces 
challenges in seeking a balance between food security and continuous development with increasing 
population and other facts like climate change. The imbalance of regional development and the widening 
gaps between developed and under-developed regions in China is also a tough and urgent problem to 
solve. Food situation in some western counties of China is still tough because of poverty and low-yield 
land.  
Mean center (or gravity center, weighted mean center) analysis, is an important spatial analysis 
methods. It was firstly used in population geography [7], to identify the change trends of population 
distribution and with that to reveal the spatial variation of economic development [8]. Recently, physical 
geography, population, and other social-economic factors like GDP and available land were analyzed 
through this method to study the imbalance of China’s development [9-11]. Some researchers studied the 
change tendency of holdridge life zones by tracing their mean center movement [12]. 
This study obtained the food production data and population data of last 25 years and employs nutrition 
index and weighted mean center analysis method to study the spatial and temporal patterns of food 
provision and food security of China. Our results can serve as scientific bases for further researches as 
well as future decision supporting and policy making. 
2. Data sources and methods 
2.1. Data sources and spatialization 
We’ve got the production data of 7 main cropland foods in China - rice, maize, wheat, soybean, peanut, 
sorghum and millet. The data is county-level and its time scale is from 1980 to 2005.  
The first step is to convert the food production data (excel tables) into ArcGIS shapefile. We used 
‘Addjoin’ to link the shapefile of counties and the table data of food production with the same field county 
name and county ID.  
2.2. Food provision with nutrition indexes 
The second step is to convert food production into food nutrition provision. Food security was defined 
by The World Food Summit as all people, at all times, having access to sufficient, safe and nutritious food 
to meet their dietary needs and food preferences for an active and healthy life [13]. The food nutrition is 
becoming more and more important in evaluating the degree of food security. The advantage of nutrition 
index lies in that all kinds of food from all kinds of ecosystems can be converted to uniform parameters - 
food calories, protein and fat. It’s convenient for computation and comparing. 
In this step, food production of farmland is calculated in terms of calorie, protein and fat by the 
following formulation [14], 
CTi(t) = Pj(t)×Cij                                                                  (1) 
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CTi(t) is the total nutrient from farmland in year t; i = 1, 2 and 3 represent respectively calorie (million 
kcal), protein (million kg) and fat (million kg); Pj(t) is the total production (million kg) of crop j in year t; 
Ci,j is the conversion factor from crop j to nutrient i, see table 1.  
 
Table 1. Nutrition composition of different food (unit: /100g) 
 
Food calorie/kcal protein/g fat/g 
rice 346 7.4 0.8 
wheat 317 11.9 1.3 
maize 335 8.7 3.8 
sorghum 351 10.4 3.1 
millet 358 9.0 3.1 
soybean 359 35.0 16.0 
peanut 298 12.0 25.4 
 
In 2000, the cropland in China provided 1.469×1015kcal of food calorie, 4.315×107t of food protein 
and 1.314×107t of food fat. According to the demands for calorie, protein and fat under different living 
standards [15], these foods can supply calorie for 1754 million persons, protein for 1751 million persons 
and fat for 444 million persons under primary well-to-do life. Obviously, the nutrition structure of food 
provision in China is imbalance; provisions of food calories and food protein are more than sufficient but 
food fat provision is far below self-sufficient and need improving.  
2.3. Mean center analysis 
This step is to calculate the mean centers. The mean center formulas are as follows: 
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Where 
( )jX t  and ( )jY t  represent the latitude and longitude of the mean center of food kind j, 
ij tW ( ) is the yield of food kind j in the ith county in year t, and also means the weight of county i. iX  
and iY  represent the latitude and longitude of the center of the ith county. ( )j tS  means the national total 
yield of food kind j in year t. 
Centroid tool were used in this study to computing the centroid of each county (polygon). The 
coordinate values of each centroid were added to the attribute table. After this step, we got an attribute 
table with linked population data, production data and centroid coordinate of all the counties (see table 2).  
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Table 2. Food production, population and center coordinate of each county 
 
county ID County 
name 
population Cropland 
 area 
Total 
crop 
calorie protein fat x y 
232721 Huma 337481 58.00 4901.00  71750  3210420  655533  5846323  20537699  
152127 Elunchun 285315 19.30 1388.00  14904  581805  77950  5618500  20377460  
654321 Buerjin 46259 23.20 0.01  30655  1120471  146060  5630280  17740992  
… … … … … … … … … … 
654324 Habahe 54593 26.80 0.01  32395  1229130  161075  5654396  17684399  
 
The weighted mean centers of population, food calories, food protein, food fat and population of China 
were calculated through formula (2) and formula (3) based on the above attribute table. 
3.  Results 
3.1. Spatial patterns of food provision 
The green regions in Fig.1-2 represent regions of high grain-yield, high calorie provision, high protein 
provision and high fat provision. It can be seen that high-yield region mostly cluster within the main food 
production bases of China – the Northeast Plain, the North China Plain, the Jianghuai Region, the Sichuan 
Basin, and South China. These regions will keep up and play import roles in the future food security of 
China. The changes of food provision during 1990-2005 are also shown in Fig.1-2, in which green zones 
represent food provision increase and red zones mean decreasing. It can be found that in most part of 
China, food provision shows a rising trend. In Northeast China the trend of food provision increase is the 
most obvious, and in Huang-Huai-Hai Plain, the food provision also increased obviously. Other regions 
like Sichuan Basin and most part of Central China also has food provision increase during the 15 years. 
Regions which have obvious decrease in food provision are mainly distributed in Southeast China, 
especially in the areas around Pearl River Delta, Yangtze River Delta and a few parts in Central China, the 
Middle Reach of Yangtze River. As to the provisions of the three types of food nutrition, food calorie 
show the same pattern as grain, food fat and food protein have nationwide increase, which means in most 
of the counties and cities in China, food fat provision increased during 1990-2005, partly thanks to the per 
unit yield rising and the optimization in cropping-construct. The Chinese government has been taking 
measures like policy-modifying and to improve its capability in food protein and food fat provision and 
enhance self-sufficiency.  
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a  b  
Fig. 1. Spatial pattern of grain production (unit: 104t; a. production in 2005; b. changes in 1990-2005) 
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Fig. 2. Spatial patterns of food nutrition provision in 2005 and the changes from 1990 to 2005 (a. 
calorie provision in 2005, b. change of calorie provision, unit: 1010kcal; c. protein provision, d. change of 
protein provision, unit: t; e. fat provision, f. change of fat provision, unit: t) 
3.2. Food and population  mean centers  
Based on the above computing, the locations of mean centers of cropland, grain production, food 
calorie provision, protein provision and fat provision in China were figured out. The moving paths of each 
kind of crop production and population were mapped, as demonstrated in Fig.3- Fig.5. Food related mean 
centers mostly located in the central-to-north part of China - Henan Province and a few in Hubei Province 
and Hebei Province, while population mean centers all located in the south part of Henan province, south 
to the food related mean centers。 
As shown in Fig.3a, mean centers of grain in 1990 to 2005 mostly located in the central-east of Henan 
Province. In the period of 1990-1995, mean center of grain moved northwards, then southwestwards in 
1995-2000, and northeastwards in 2000-2005. Overall, mean center of grain moved about 106.7km 
towards north by east 10.5° in the period of 1990-2005. Mean center of rice all located in Hubei Province 
and also has a north by east moving trend (Fig.3b). In 1990, mean center of rice was in Tongcheng County, 
southeast corner of Hubei Province. By 1995, it had moved northwards to Chibi City and kept moving 
northwards. By 2005, mean center of rice had moved to Wuhan City. During the 15 years, mean center of 
rice moved about 118km towards north by east 13.2°. For the impacts of climate change, improvements of 
breeding and planting technology and other factors, rice production has a northwards moving trend. In 
1990-2005, mean centers of wheat were all located in Henan Province, and the moving distance is shorter 
than that of rice (Fig.3c). During 1990-1995, the mean center of wheat moved slightly eastwards, then in 
1995-2000 towards southwest to Jiaozuo City, and then in 2000-2005 towards southeast to Yuanyang 
County. During the 15 years, mean center of wheat moved about 59.6km in the direction of south by east 
38.5°. Mean centers of maize were all located in Hebei Province (Fig.3d). In the period of 1990-1995, it 
moved slightly; then in 1995-2000, it moved a long distance towards southwest and in 2000-2005 moved 
back. During the 15 years, mean center of maize moved about 31.1km in the direction of south by west 
59.5°. In the period of 1990-2000, mean centers of soybean were in Located in Bohai Bay (Fig.3e). By the 
year of 2005, it moved to Xingcheng, a city in the southwest of Liaoning Province. During the 15 years 
the mean center of soybean moved 267.1km in the direction of north by east 30.8°. The moving distance 
is relatively large. The mean centers of oilseeds were located in the central-south of Henan Province 
(Fig.3f), and the location was relatively steady. During the 15 years, mean center of oilseeds only moved 
33.7km in the direction of south by east 12.2°. 
Mean center of mean production moved a significantly long distance in 1990-2005 (Fig.3g). In 1990, it 
was in Suizhou City, central-north of Hubei Province, and by 1995, it had moved northeastwards to 
Queshan County, south of Henan Province. In 1995-2000, it moved slightly northwestwards. In 2000-
2005, it moved a long way northeastwards again to Cao County, on the boundary of Shandong Province 
and Henan Province. During the 15 years, mean center of meat moved about 433.2km in the direction of 
north by east 29.1°. From this result we can see that meat production of China has been moving rapidly 
towards northeast. 
The location of population mean center was relatively stable (Fig.3h). In the 15 years, mean centers of 
population all located in Tongbai County, in the central-south of Henan Province. In 1990-2000 it moved 
slightly northwestwards, and then in 2000-2005 moved back towards southeast. During the 15 years, 
population mean center moved only 12.1km in the direction of south by east 10.5°. Population data in this 
study is from census, so the spatial pattern had little change in the 15 years. In fact, China’s population 
has a trend of flowing into the southeast regions, where economy has been developing fast and much more 
employment opportunities are available. However, this kind of population flowing is a short-time 
phenomenon and most people didn’t change their registered resident and still belong to their hometown in 
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population census. Taking this into account, the southeastwards moving distance of population mean 
center would have been larger. 
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g  
h  
Fig. 3. Locations and moving paths of food provision related mean centers (a. grain, b. rice, c. wheat, 
d. maize, e. soybean, f. oilseeds, g. meat, h. population) 
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Fig. 4. Mean centers of cropland, grain, food nutrition in China during 1980-2005 
 
It can be found that, in 1980-2005, all the 25 food-provision-related mean centers were located in the 
North China Plain, with 18 centers distributed in Henan Province, 4 in Shandong, 2 in Hebei and one in 
Shanxi Province. In 2000, the population mean center was located in the south of Henan Province, near its 
boundary to Hubei Province. Obviously, the distribution and moving trend of population mean center 
didn’t match well with the food provision mean centers. This may be comprehended with two facts; one is 
that the southeast part of China has been developing much faster than the Western and Northern China for 
the last 30 years, therefore, population in the Southeast increased fast and large amount of labors from 
Central and Western China were attracted to settle and work in some southeast cities; the other fact is that 
with fast economic development, much high-yield cropland in the Southeast were converted to 
construction land, so cropland and food provision centers moving northwestwards, opposite with the 
population center. 
 
 
Fig. 5. Moving paths of mean centers of cropland and food provision in China during 1980-2005 
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During 1980-2005, the mean center of cropland moved nearly 119 km towards northwest. Mean 
centers of grain production, food protein and food fat had similar changing trends, all moved northwards 
continuously, and traveled some 270 km, 360 km and 290km respectively from 1980 to 2005, with some 
slight westward moving tendency. The moving route of food calorie mean center changed greatly among 
each period. It first moved northwards (with slight eastwards) by about 460 km from 1980 to 1990, then 
turn back southwards (with slight eastwards) by some 440km during 1990 to 2000, and from 2000 to 2005, 
food calorie center moved towards the Northwards again, covering 170 km or so. With fast economic 
development, much high-yielding cropland in the Southeast have been converted to construction land, 
labors turned to other industry than agriculture, impelling the food provision center move northwards. 
Climate change might be another factor for the northwards moving. With the climate warming, the north 
boundaries of some main crops in China have been spreading slowly northwards according to some recent 
studies [16-18].  
4. Conclusion and discussion 
The conclusion of this study can be summarized with the following four sentences: 
(1) Food provision structure is imbalance：Total amount of food calorie and food protein provided by 
cropland in China are more than sufficient, but food fat is facing great deficiency, heavily relying on food 
import; nutrition structure of food provision in China need optimization by increasing food fat provision.  
(2) Food provision in China clustered in 6 main food provision regions, with centers mostly located in 
North China Plain; in most part of China, food provision shows a rising trend. In Northeast China and in 
Huang-Huai-Hai Plain the trend of food provision increase is the most obvious during 1990-2005. Other 
regions like Sichuan Basin and most part of Central China also has food provision increase during the 15 
years. Regions which have obvious decrease in food provision are mainly distributed in Southeast China, 
especially in the areas around Pearl River Delta, Yangtze River Delta and a few parts in Central China, the 
Middle Reach of Yangtze River. Food calorie show the same pattern as grain, food fat and food protein 
have nationwide increase, which means in most of the counties and cities in China, food fat provision 
increased during 1990-2005. 
(3) Food-related centers of China were moving northwards while population center moving southwards; 
Food center and population center didn’t match well and the gap between them is enlarging. Food security 
more and more relay on food transportation and government’s macro-control and adjustment show more 
and more importance. The spatial patterns of food provision in China need modifying.  
Based on the above results, we can come to some suggestions for future development of food security 
in China: First is to optimize the planting structure, enhance food fat provision ability; second is to protect 
croplands in the 6 key regions, especially the high-yield land in South China and East China; thirdly, 
taking advantage of local resources to widen food sources, heighten local food provision capability, 
balance the food provision structure and protect our eco-environment. 
Future food security faces many challenges like climate change and water deficiency; enlarging 
regional gap is only one of them. Further study is necessary to find better solutions to these issues. 
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